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FOREWORD

(hey the years, many factors huve cansed waterfowl habitat 1o
hecome mowe and wme of a pemium, This is especially true of
hieeding or production Yiabitat in the Unlied States and lower Canadian
tiovmves Prouglt cveles, of comse, can tempoarily severely limit
production and brooderearing simply  thiough tack of or diving up of
aurttally stitshle areas. However, drattoer s of maeshes and other wel-
Ll types T agnacuttural purposes or esen ot bousing and ndusizial
sites 1o on the invrease und effects permanent lusses ol bahiitat of ducks,
geese. and inany other species.

In secent years, increaing attention has been given to saving and
suptorving remaming wetlinds im ordet to keep them as productive
an possuble, | mphasts b hay been praced on trying to devise methods
tor unproveinent uf poaet wetlonds, [e.. thuse s chohed with
sepetation that little or ne use is ubtained by waterfowl during sey
perd ol the vear.

A number of studies have been condacted in several states in the
last decade v so pegarding the femaibility and economics of blasting
potholes i watland areas W oamprwe or produce more duck habliat,
Fonr the st part, these tidividual studies have beett somewhat limid
mowope, aiswering 3 specitic question suei: 48 duek use by season,
cifivieney m size of holes prsduced {as meusured by duwk use), and
longevity and usefulness of the varivus sizes of potholey producad.
Objectives of e investigation covered in this report were designed
o mclude all of these items. This report detafls vie economic
feanbihty of goin in duck use. by season, per wnount of expenditure,
and dovuments the Dife expectancy of 1he varous stzes of potholes
produced under the specific conditions and swil types posent in the
study area.

I iy felt that the resulting in¥ermation will be extremely uselful
to managers anticlpating, aciively planning. or already involved in
walerfowl habitar improvement progranis, whether on a local or more
wikiespread basis.

G'/ ft"’@fttc} @.754;4;:,{;.

1lovard B. Funk
Wildlife Research Leader

FNE.
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Walerhmd manggets ae faced with

EVALUATION OF
POTHOLE BLASTING FOR WATERFOWL
IN COLORADO

ABSTRACT

Comparisons were made among potholes blasted with tour different charge sizes of ammonsun
nitrateduel ol mistures i wims of cust, waterfowl use, snd life expectuncy during 1968.1925%, The
tral mamber of potholes studied was 8 during 06R-1970, 78 In 1973, and 69 in 1975 Despite
sittiilae mean depths of pothules amang charpe sizes, a meun depth oss of 10 i, (20%) oveurred
during e 791 period, This amount of loss was cunsisient among charge sivex. Over 1700 duck-
visity wete iveonded during the study, with the greatest amount of use occurring in the spring. Thete
was o highly significant diflerence in duck use of potholes ameng the four chane dees: (1) 78 and
FSO-b potholes teceived more use than did cithies the 25- m $04b putholes; (2) 150-1b patholes
attracted more use than 750 potholes: and {3) no difference wn: indlmed between 13, and
S8 putholes.

The efficiency of the charge sizes i terms of duck use, both from cost aml susface-aren stand-
Paints, increased with increase in charge size. Invasion of the partholes by emeigent vegetation was
eftective i seducing the size of (ke opena Jter meas, and (his was the nuajos fuciar hetieved to
deteimime the quantaty of duck use recelved by the potholes and, ultlmately, theie “magagement™
lomgevaty. The size of the upen.water areas, as determined by charge size, was directly related to
the amount of dch use seceived before and afier emergent encroachment, The 73- and 1504b
potholes maintained the Tarpest openawuter arcas thoughmu the study, theieby exeeeding potholes
ot the viher two chyege sizes in “management™ longevity,

"INTRODUCTION

S ool opast amd vontmning losses of wetlomly,
doding & better jub of

Provost (1948). and Suohmeyer and Fwdickson

‘agm = VY AFY WU S Ten V.

utmacibye the remaming labitar and with ceeating new
labatats thit wie dmith effective and efficient, Watetfowl
labiat development,  posible  throught o varfety  of
tedmtques. hun been piven cematdesable ahiention by
stite, tederdd amd private conservation organizations fus
muny years. Petlaps of less concern i this endeaver has
heen the evaluation of siely develupainent  teclhnigques,
evpecially m tennts of the mamtepance of wetlands in the
Wit attgative siste lor opivnum wakerfuowl use. Befowe
applying maintenanece provedures, the muanager wust fuse
s knowhedge regarding when the developed area has
lost s appedl so waterton s and whad Bactns contrdbuted
Lo Al fows,

Pathele blasting bas been one means oF improving wel-
Lanids fen watertowd by ceeating onen-water areas in mrush
seectation (Fuomtnplece). This was flst acoompliied by
e ot dyiaitide veatl and Bever 1980, Prasust J9s),
bt the use o ampionsim srcatedoel oil mxiares (ANFO)
av the blasdting ggemt has become popidar im mae ecent
seans (Mathinen o7 af, 1904, Mathiak 1965 Hopper 1974)

t
e R L R N

(1967} tnn 4 folloswup  ialy, evaluated dymmmcd pothoks
in Imw from the sl.mdpnmt ol ph R g

,;, aterowl,
Gt b o sl.uly,
of pollmlea hlumd wg'lh N ;
systermatically ; \’i\'ﬁﬂ R
potholes mltlmuwrei ‘-,-.; Farut
changs oY Ilw g[d N
A sudy 'Was: g{H ke
o conpare poﬂlh!ﬁ cplasie d
sizes of ANAFI J ‘."-w_ ‘:
lfe expactun : ‘: 1
N yrs (I%Ig 75'; 4
cundicted duting five..
Jril 1978, Hopper (19 !;,f
of the sudy, which dral;.z ]
w welution o Sze-aid- oyl
paper addrosses the - entfie KW

givs special cmphasis te the Iife-c‘ml:mny pltau of
the insestigotion.
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STUDY AREA

The study was conducted on 8 79+ bottomiand marsh
At the west end of the Ronny Reservoir State Wildfe Aren
s Y County, ¢astentrad Colorado, bt 23 i (40.2
hind north of Butington (Figs 1 and 20, Bonny Reservole, a
Marean of Reclamation Simpoundinens, was designed to
vontted the Noadwaters ot the South Fuik ol the Republican
River anid Landsssian Creck . s s tmajor waterfow] enigration
and wintenng area, hut attracts only mulerste numbers of
hreedimg buds,

The study area is clavsed 2.a” Type 3™ wetland (diallow
fresh mand) accordmyg o the clasification system of
Madm et gl (1980 1t hes on the tiver Boodplain and is
sharactenied by waterdogped surface sails because of the
high water tabibe created by the adiscent giver s reservoir.

Subsutfuve soils are predeminamily sandy, while suriage
soils vary from heavier clays near the south (bench) atea,
to mostly sund along the niver,

Common plant species amociated with thic study aies
include common thiee-squate (Scirpus americas ), sedges
(Carex spp.1. commen spikensh (Hleocharis palusteis),
Raltic cush fJuncis balticusy, broodiest cotvall (Dypha
Lerlfodia), syuirreltall (Sitarion hystrixi, and white sweet.
clover (Melikotus atha). Stands of broadieal curtanl ure mosy
estensive in the castern pantion of the study aien, while
white rweetclover s muinly in the western portion. The
vegetation is seey demse on the ares as a whole, and the
absence of livestoch grazing yields heavy sesidual coves
from year toyear {Fig 3).

COLORADO

YUNA OOUNTY

BONNY ARCAEATION AREA

Figuee V- Bunny Remrvelr Biate Wikdiile Ates, showing lbustion of pothale siudy afes st the west ond of the preparty.
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Fgute I-Gumtsl view of the pothale study sres, cantisting ol a
hottomlan) matsh bordersd on the novth by the South Fork of
the Aspubilican Anet. (Mot by A M. Hoppar}

Figure X-Oerve stands of common thisewquare and hroedisal cat
il domingted much of the stutdy aies at 1he by ning of the
udly. (Photo by R. M. Hopper)

METHODS

Pothole Blasting

Thiee rephestioms, with Tz different sioes of charges
ol ANGHD, were used o evaluate blasted pothioles (Fig. 4).
fluee blocks, cavh 450 ¥ 900 11, were Iaid vut on the
00 mash and designated AL B and C. Sinalas gradations
of sanl were tvade avallabde it Sl blocks by shtuating the
blovks sule by side and petpendicutur to the nondvaouth
clange wm sall lextse. A buffer zone, 300 91 wide, way
cstubinhicd between the blowks to set them apart,

A Bomtonaype surveying compass and a 1306t tupe
were uwd to Jucate I8 paints in each block. each poin
wiresenting @ pothole blasting site. These pointa, placed
m 4 ows of 7 each, were 150 1t apart, both within and
herween puws, The points were macked with stakes,

The fuur change sizes tested were single charges of 25
and 80 ™ ek amd multphe charges of 75 and 150 lbs
cach. fr hatges pluwed 111t apart in the fonm of
9 trange .omeod the 7SMh nultiple chagge. Simétay,
thiee 5040 Juaeges set 15 1t apart cesalted in the 150-b
siliple charge. One chiarge size was randomly asigned ta
cach ow of Block A, Exch of the othor sizes wos then
replicated in Blocks B and C, with the following resirictions:
4 piven sice coulil nat accupy 11) an outside 1ow in mue
than ywo blicks, 120 the samie ww (poution) It any twe
blinds; ot (1) adgacent 1ows between blocks (Fig. 4).

All charge holes were adug 30 in, deep with tanual
posthule diggers, Holes fin 25- and 504b chatges (both
single and multiple) were made 19 and 15 0. in diameter,
sespectively . Charges measired 18 in. high when placed in

plastic bags; therefine, the tops o all hstges were
consistently IS in. below ground sarface when wt into
prasithon,

Eightyfout potholes were blasted in e ihiee blechs
dweing md-August 1967, ming ihe procedimes an.d satety
precantions  recosniended by Matlhwu e gl (),
Mathiak (1905), and Hopper (1971 ikig &) Seven chages
of cach size were detonated per hloch. producing a ol
of 38 puthules per bloch (21 puthodes ot each wzz i the
thiee bluchs combined) (Fig. 4). Lach pothole was ssaprd
a letter and number according 1o the black it occupred . tine
are of chatge, and ity pasition in the row: tor exaniple.
A5 refered to Block A, 28 pounds, and the fourh
pothole Hrom the south.

Pothole Measurements

The surface atea and depth of cach pothale were
detenmined  from measniements taken 1 March 1968,
about 7 mo after blasiing. This delay allowed time finr
mitigl sloughing-in and settling. and. therefore, wzasure.
mente were thought to be nse mcanianful than il taken
immedistely after blasting, Two dismeter measurepients
were made to the neacest 0.5 €0 at the original ground
level of cach 25 and $G-b pothole. One meawreicent
was 0 line with the row and the other 21 right angles 1o
the tow. The 78- and 150-b pothules wete shaped ke a
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Figure 4=-Detaliod map of the patheis study arss, indiesting the pasition snd size of paiheies, by study bissh,

cloverlenf 1ahier than a ciezle, s0 the maximum distance
scnss Whese pothales was considered a biased measure:
ment. Therefore, vne measurement was taken from the
center edge of edch lobe tu the oppoute side of cach of
these larger potholes. The eaulting measurentents of cach
poihole were uveraged 1o provide the basis for calculating
the square feet of sutlace area.

‘The deptly of each puthole was weasured twice during
the stwly, unce at the beginning In the spting of 1968
und again st the _end of_the study in the spring of 1978,
Measuremenis wete made with a weighted. calibeated line
attuched 1o the end of a 120t cane pole. A single depth
nessuseinent; 1o the nearest | In., was made of cach 25-
md $04b pothole, but thice readings were taken of the 75-
md 1504 potholes, rre In ¢ech segment of the cloverh af.
ihe theee memsurenients from cach of these latter potholes
were thep avesrped.
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Vegetation Characteristics

The vegetation wathin 30 1 of the cedge of each pothole
wis mapped, by species, as graph paper during the period
July 21:24, 1962, PPacing was done to ublain the approst-
HHte area occupied by cach species ar grobp of species.
Refesenve 10 the maps then sevealed the relative abundance
uf eavhy spec.es, by puthole.

Thinyaa potholes were sampled with 3 gorden take
dusing the petisds August 1315, 1968 and Seplember Y-
10, 1470 we dbetesmine the presence or ubsence und relative
abundanve of submerged aquatic vepetathon. The same 16
pothales, 9 of each charge size. comstitoied the sample in
both vears. A tope wan attached 1o the end of the ke
handle opposite the head to tacilitate pulling the rake
wctons each pathole, The rake head was placed teeth-down
at pouns on the edge of each pothole and pulled slowly to
the opposte edge. The amount of ke head vovered (ho.
of teeth) by cach species of vegetation was weorded atter
cach pase of the rake thvough the water. The puthules
were saimpled roughly in pruportaon to thelr wze. with the
llowing number of passes of the rake being made through
cach size 284b, 53,5040, 4, 750b, 60, 1500, 8,

Fstimates weie made i March amd Apib of 1973
atnd May of 1975 of the proportion of the siifice area of
cach puthely grown up e antergent sexdtatin, Two
estinates were oblained tor cach pothole during eseh year,
with the szeond sstmate cach year being made withuu
prist relerenice o the sl AN average Hgure was thep
calculated tor each pothule, by year, and comparisuns
niade by pothale wizr. Only 0% potholes were still m
enmtence o 1975, and thas they were the iily ones used
i 1hese comparisens,

[
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Waterfowl Use

Watertow! ue of the potholés was vbwned i the
spring (March-June) duging all $ vty of feid sudy (1.
1970, 1973, 1978). Summer {July-Septeriber) and fall
(OctaberNovember) observations were caducted during
the flest 3 yrs only. The potholes were ohsenvgd 1.4 times
duting ¢ach of the seasons, with ¢uch vbs vation poend
tunging from 1 10 § days. There wore 13 10046 doys oi
vhservation in the Spwing i 1968, 1l in 19608, 20 m 1990,
15 1n 1973, and 1S in 1975, Summes ebsenations totaled
6 days it 1968, 4 in. 1767 and 9 in 1970, Fotal days of
observation in the Pl e ted 10 7 19 1968, 10 m 10
ard O in 1970, The pothuvic study ‘dres was observid for
duch use a toral of 118 days dusing the 5 yeass of teld
sudy: 26 days in 1968, 24 In 1968, 35 i mo 15 in 71,
and 15 in 1978, YA .

Binoculars amd & spotiin u&? 3o
the putholes from obuervstign :pol s“& :"1 M *,'.
swouth edge of tlie stody arew (K ??Pi f’ Y
an elevated uverlnok of IESpOIHGIR W ondily
enabled the vbserwer to snol uc\hidml pnmoh! being
used by waterfowl,

Obwivations and cmmu. lmw. MI feast § I, wore
made bath moring and evening.” anln; coninls icgan
0.5 bir before sunrise, and evening counts eiided 0.5 hr aftes
sunset. Lach block of potholes recelved an equal nimber
ol morning und evening county, Only e block wag watched
3l u e, excepl bur periods OF1t6 Setivily, when u nany
as two blovks wete ubyerved ol une Line.

Dick use was recorded by specivs, sex, am) pothole
when the birds were ubserved landing on ar beaving 2 pot-
hole or when they were uttingon of at e edge of u pothale.
Lach time a duch was ubserved at a pothole it wascounted
as une duck visit. Thuy, Juck-uwe figures presented in b
paper do not epresent individual ducks, unce 1nany were
observed to use mure than vae pothale.

Moo
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RESULTS AND DISCUSSION

Filteen of he ayimal »4 patholes were clinsniated
durmp e cotewe o ghe sinly, woom 10F prine o
ainhstion ol duck-use ohwrsatsons, fan more i 1973 and
ke ey i 19T eh o these potholes was deepped
ftons the stinds for vie o e of e foliow g 1cawopy.
% T water lesel, ¢2% masheat (hdatrn 2ibethic us)
acivity ety increased ther size. and (38 inadve dend
destrin tions by annther habatat development proviect Thus,
tite numbor of poutholey stufiwed was 82 durieg the period
IS 07U, 78 1973, and 60 an 1975,

Pothole Size and Depth

Hopper 11992) presenied o sdoratleld discussion secad-
g the cmnparsting sizes @) the 82 potboles praduced by
e donr Jharge szes o ANFO Table 1) In simmany, it
was found that 1) gvenage soface areas were conshi it
fom ok o Block e end chasge size, 123 sanations
voutied witbin Bloaghs becaine ot difterences my il
wahie, 13 worlapping ol pothole sizes sconmed onldy
verween 28 and SO0 charges, () onetage sarface areas
) 11 acevasad wath mercase i charge size fiv all blogks
cotned, s tullows P8GR ML 00k, 293: 7500, 570;
amt L3, 8L (5) dorbling abe charge s did nat
tdoubde the surface greapaedo, 30 ) T84 chaees produced
neatly (00 pereens more sosbace aesy than S0db chages,
amd {7y the 250 undd Y506 Charges were the inost efticient
motertns of amonng o sface aiea cteated per poapd
oF AN-JI)

TABLE 1-Surlsce area comparisons ot §2 potholes, by
wharge tige {leom Hopper 1972] 2

Chatee e L urlae ates (eqoiy)
slze Standard Mean N1k
(ibe) Range P an dersial fon af AN=#C¢

2% 139=17 ol 3.7 .G
%0 FLTRLA] N3] 5.7 )
HLY APl (55" Wy Tk
130 M-1,10 LA [EULI | 5.7

e Gy M A MAS R B m e a s s e A e e ST S e e AuE

"‘hn-nly -on® putiniles ot cach charge slae, Juredt the
156 -1k wlae, whider vy arly §9,

Mean depths of the potholes are shown in Table 2,
by bluck und chiange size, fur 1968 and 1975, Depth com.
parsons heie telate only to the 69 potholes 1hat survived
the eptiue swdy  petad. Depths among pothales w3
enea hante size varied considerably i cacly block m tuns

e b i o BRI i B e tnd A e b - oia S
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amb e 197TA just as they Jid with segard o mntavce anes.
A, soil testute probably con'sibuted greatly by thesw
dillereines. Mathiak 11965) alwe notcd o wide ange i
depthin, by sl types. G potholes Blasted 10 Wisconsin,

Mean depthe of puihio’es, produced by the o gy
sires Tor all blocks combaned vatied from 371 . €78.4h)
W 429w (3040 w1908, and gl 27.8 ju, (150
W 300 bt ($04by in 1978 (Talile 20 Thewe dats were
subiected o an appropoate analysis of vatiaoee insvalving
the thice favtom (vs blucks, chaege sizes); e tests
wyealed ho dnteraction petwesn years ol change sizey
1= 0050 It appewed, then, than at the begimning of the
stady, as well as at the end. mean pathole deplhs were
stnifar anong vhatee sizes, It s also appunent tgom these
tests that there wan iy averall dttterence i mean depth of
the potholes among the Yo charge sizes 11 < L1004,

Deagrdte stmily tican depths of paothales g Jidege
uzes, 3 conviderghle amonnt o depth Jow oceuaned dunng
the a0 peand between 1908 ot 197 1 e 2. Fhe
niwan fepth tor all potheles combined  decicaswd  (lom
INS I m I0R o SN TRy boss on OO L, e
atenitl 20 percent i the 7 ves. L ditference between
yeare was highly spudicant (1 <2 Q.00 Hloweser, as
Aphed abone the gmount vl 1o was corsintent fiom vne
Clarge sie te e nexd. Thie bose i deptle wiss substaniially
tess than the average of Jb peteent bine b depth over a
Soae peresd toc 21 porhades dy nanted by Fovs (E948)
[t AT

Vegetation Characteristics

Mapping of ihe vegetation sutrounding the 82 potholes
restthied in the Wentification of 3 species of plants of
chvious abundance un the study area. A list of these plants
is shown in Appendin A. Additional specics were known
 be present, but were considered: of minor imponance.
Grases and gruedibe plants. masde up uver Bl of the
species Ihted, Most are ¢ipimonly ussoctated whith moist
envitunients such as that. provided by the presence of the
high water table on the swudy wrea, - '

The mirt common spetles: of plants associated with
the potholes on ihe studl iigs were common thieesuare
and sedge, the latter being ‘1épresentca by at least 1we
species (Fig. 6). These wetkalio (hE must abundant specics
in the individual blocks and ‘adjacent 10 cach of the fow
different sizes of pothules, Contiton spikeqush was the
unly other spevies that oceurred in abundance i all thige
blocks and adjacent 1o all-Tow sizes of putlides  Babin
msh was importamt In afl of these categories encept the
1504h pathule size. Thrce vther species, white swectoboves,
squirtettail, and broadlea! castall, weie fahily consistent
m occurrence by block and chige size but vaied in ank
of imponiance.




TABLE 2-Pothole depth measutements, by block snd chaege size, 1988 and 1976

S T N e e I

A e e o Mean depth (e R L
Chatpge T & L R L L Bt ey Tunm
alre Block Block Block Blovk Black Mok . T
{1hs) A ] ¢ Total A B [ I o [
25 9.4 Vs M. b 17.6 9.9 269 i Ry .
S0 “1.7 “l.8 4%.1 w2.9 JA.5 L4909 3N [ U
I .oy LA 1. 1. 28.1 24%.1 M7 T
(I 12n #0, ) vie } ¥.? 26,5 L) 0. oy :
Tt sl 7.7 | LA b M. 4 NP 27.4% .. lao.
b waaple conmiated at 69 pothelen, includiopt  2%Lh, 183 5000, 2095 Trelby ot ot .
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The fast evidence of vegetative growth within the pot.
holes was nsted un Qctober 1112, 1967, only 2 mo afier
the potholes were hlasted. With the benefit of oily visual
vhservations, four potholes wese found to coniain mush-
grass (Chane spp.b at that time.

The fonmal sumpling procedute prodused 189 sanples
in 36 putholes and Found 6 species of subimerged ayuatic
plants duning the 2 yis of vegetation study, § in 1968 ad
G in 1970 (Table 3). The fiest sampling period { August § 3
15, 196%) waus enactly 1 3¢ following creation of the por-
heles, and the second (September 9.10, 1970) was slightly
ovee 3 yrs fater. Viegetation was encountered in 31 (86 1°0)
ol the 30 potholes sampled in 1968, and m 2l but one
(97.2%) of the 26 potholes In 1970 (Fig. 7). Frequencies
of necurtence, expressed as the percentage of (oial numtbes
of surntples {(drags ) i which » spectes occurmed, arc compared
i Table 3, by species and year. A highet percestt s of
sumples contained subtoerged aquatic vegetatlon in 1970
(92.0) than in 1968 (84.1), Occurtences of longleal pond.
weed (Matamogeton sdous), sage pndwecd (2 pectl
mattes), and coonlall (Ceratophyllum demervnt’ increased
in 1970 over 1968, while lealy pondwecd (P Joliosus),
muskgrass, and hoined-pondweed /2 wchellia palustris)
decreased, This pattemn slso held true s (harge size, except
that muskg:ass increased in accurrence trom 1968 to 1970
in SO.Ib potholes and remained stable in 7540 potholes,

Figwte 7=Bubmerged and tineting-lesved squitic vogetsimn beams
lulﬂu‘.d in many potholes seeo steer bieting, (Phota by A, M.

TABLE J-Compatison of {requency of occurrense of submarged squatic vegetation smong charge sized, as sitimated from
109 samplet in 38 potholes, 1968 and 18970

——

o — g

Fraquency of nccuttence LI)'

Charge 117¢ (1ha)
) 30 s 150 Total

Specien ris 197u 1963 1970 1"hg 1970 1988 1970 1968 1970

Ceratophyilum decernvs o 0 5.8 0 7.4 0 1}.6 0 12.2

Chata epp. 4a.4 1.3 3.6  AL.7 35.6  33.8 68.0 16.7 49.2 .9

Potamogeton foliosus 5.9 3.7 25.0 A 317 .1 3%.+% 13.9 435.0 14.3

fotamogeten nudosus 33.3 L. 1L.1 19.4 3.5 Al.1 40.3 A%.8 n.2 a1. .

Potamogeton pectinatus ] 68,7 TYI S N w1 N2 19.4 AL 2.8 b1.9

Zanaichellia palusgrin 1.4 1.7 0 o 18.% 0 0 i 6.1 a.%

Total 71.8  100.0 66,3 8.7 9.6 100,0 88.9 8.7 B_i-l 92.8 |
|

'I'otnntuc ot total nuaber of sasples in which a species orcurred.
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Densibies of the vanonia species of subpierged seget aiton
are coinparced in Table 4, by hage sice. Density, hiere,
wlees to e mean snumber of sake teeth coveied by each
species of vegelation per samaple. AN species combined
averaged .0 teeth vovered per sanple in 1968 amd 153
in 1970 for the fowr chaspe sizes. Densities more Whan
duouhled trom 1968 10 1970 for cach charge size except the
12006 s, which yielded simifar dewitivs in both yeass.
Tndhividual species shawiig incicases in Jensties from 968
o 4Tt oall churge sives dncluded countall, Tongleaf
ponduecd, and sago pondweed, with the preatest increase
beine by the Lt apecies. Decicases were noled 1or leafly
pondueed and haped-pondweed. Mushira:s ingreased in
the e sinatbest chage sizes, up decreased in the 180-b
pothiobes

Invason o the pothales by emenpent vegetation was
fst eted e uly 1909, ghout 2 vy afier aeation ol the
potliodes  AF that tinte, 4F (509 of the 82 potholes
vantamed swe emergent vegetation. I alf cases, these
ity of emiergent wgetdbon wete both sparse and linuted
i dntubution within the  putholes. The folloming six
spevies, isted i desending order ol iwvcanence, we's
rwepeewented hroadleaf  cattal,  common  theeesquate,
hardstems buttash (Searpus @entus), oo spikerash,
Baltse rash. and biosdleal avawbead (Saglitrorkr latifiilia).
Fhe tist e speyies listed oceurred 0 25, 19, ad 12
pothales, iespectively.

By the spring of 1973, eriergent vegetation was presemt
m all potheles, and was well established in uvwer 60 percent,
Based on the nambwr of pothules than bad swee 20 percent
of teerr susface aregs growh up 1o emeigents. Almost 15
retvent ol the pothales were completely chuked, us nearly
s, w1h an evtimated 88100 percent of theis surface wicas

Browit up to emergent vegetation. Thus, in the 4.y peziod
hetween 1909 and 1973, ame R becathe 2
duatinant ©acior in plasy tuc:lui sthedes,
Bruadleaf catiall was by Tai dhe that en-

]‘ulhﬂlﬂ.

croached, wccurring In ovet: 75 ety
the uny

Common threesquare and § )
uther intnuding spacien of §
The situatitn oniy 28
that In 1973 in mont e
the percentuge of the i+ 88
chuked, w neatly so, witkren
1973 10 1925 15% m:w‘{;
in the estintated percentag
emergents [ Lt PO

Rsirtidar (o
o way that
[hmpictely
pled (rom
) vduction
Rwn. up to
i 197?]

compemate for the AU R owaal
meany of these esimmwlg Fcen years.
it shuuld be nuted, ) u!imnm
uf the percentuges nf sut :

did little v conslder cariy
and 1 was quite tikely th
wecutted 10 1975 than in 331

Table § gives un Indiit
etictoschment i the' porthidk
this table thut tnvasion-of’

vegeialion was 1ol mmmd: - . Owiall,
v theles of one charge size appen 5 l as likely
1. o nvaded us those of-uny othet 9 The runge
m the percent of surface areas ge . . ReTHE Was

alw essentially e same (590 o 100'3-) fur pothules of
corh charge size. /s noted ab.ove, there appaied 1o be Hitle

change In the mean estimates, by charge stz and overalt,
from 1973 10 1975,

TABLE 4--Demity comparitons of submerged aquatic vegstation among charge sings, 3 sstimated from 180 samples in 36

potholes, 1988 snd 1970

. . —— e ——

Menn density®
%‘:ﬁv size (WT;;—L_

I S 150 (7T -
Specien 1968 1970 1963 1970 1962 1970 1968 1376 3 1310
Ceratophyllum Jdesersun 0 o 0 0.3 0 0.3 0 2.4 ) 1.1
Chaza spp. 1.9 3.0 0.2 2.7 1.1 $.2 6.1 1.3 3.5 2.5
Potamugeton foliusus 2.1 0.1 i.6 0.9 1.6 3.0 A.0 Q.6 3a 1.2
Potumogel ob nodosun 2.0 3.5 0.4 1.7 1.3 4.3 1.4 79 ) 1.4 L3
Pot mogeton pect (natus o 7.4 .1 7.8 1.1 7.3 1.4 8.0 1.3 1.0
Zannichellia pajusteis 0,2 0.2 0 0 1.0 0 c 0 4.3 ®
Total 6.2 16,2 “.9 13.4 10.1] 20.% 13 11.4 %~ 158
‘Meu;r number of take teeth covered per vample.
hl.!'ll than 0.1,
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TABLE H-Entent of invasion of B9 potholes by amergent
vegetation, according to charge size, 1973 and 1978

—
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Figura B-Duchs resdily sctopted ths potholes sy bieeding and
feading sreas, (Phato by R. M. Hopper}

Waterfowl Use

Dacks v ere the magor gomp of watetfow] 1o o< e
pothiales duning the 5 yes of feld study (Fig. 85 1w by
Canada peese (Branta canadensish was recorded on oy
four aceastons, two jn 1969 and twa in 197,

Statistical testy wtilized In this section to comegre
dik yse among yeurs and charge sizes were upplicd aly
to data for the v potholes that survised the entire udy,
However. when statistical tests were not of concern, data
froty gil potbudes uvaifable during each vear wete ot -4
to document study effurts.

Hours of abservation and total amount of use

Nearly 350 birs werg spent watching the pothules
during the § yrs of observation. wesuiting in g 1ecosded
total of 1,703 duckwisits (Table 6). The wal pumber of
hours expended on egch block vavied considerably by year
and For all years comblned, Pusation of ubsepsalions wis
mch greater in cach of the flst 3 yis than i cithes 1973
or 1975, primmily because spring, summer, and fall ohses
vitions were conducted In the Tuimes yems, while unly
spring counts were made in the lav 2 yis. The quuntity
of duck use shown in Table 6 is not comparable among
blocks o years because of these aunval varlations In
vhserving time und number of potholes.

Sevoatyaiine of the 82 potholes (96.3%) were used
at b omee by ducks during observation pedods, All
751h and 130db pothetes were used, while not a single
duck-visit wes recorded for ome 25:db pothole (B2§1)
and two 50:b pothules (ASO2 und B501). Howevet, twa of
these putholes (D251 and BSO1Y were not available 10
teceive tise dusing the lust year of obscrvations. Never.
theless, wer 90 percent of the potholes created by each
change size were visited one or mene tines.

There was a genceal Incresse in the number and
percentage of potholes used by ducks us the slze of charge
o1 pothole size inceeased, Tor individual years und fon all
years cambined (Table 7). This pattem was lse apparent
i regard to the number and percentage of total duck.visits
secorded (Fuble 8y, The unly depurtutes fiom this vend
wecuered i 1968 when (1) a igher pelcentage of putholes
blasted with 50- and 75:% charges wete used than holes
produced by 15000 charges (Tuble 7). and (2) putholes
created by 754h charges eeceived @ greater propontion of
the 1otal duckvhsits than those from 1504b charges (Table
8). The figwres in Table 8 were not pdjusted for difterences
in the number of putholes of each charge sire. Tlad such
adjustments been made, the pumber and percentage ol total
duck-visty ohserved would have heen even greater fur the
T8 and 1504b potholes because of smaller nusnbers of
potholes of these two charge sizes. especially In 1973
and 1975,

TABLE 8-Duration of owervatiom and duck use of B2 potholes, by biock and yeer, sll sessons
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TABLE 7=Number snd percantage of 82 potholes used by ducks, sccording to AN=FO charge tiza and year, all blocks
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*there vere only (% 7h-lb potholen and 17 130=1b putboles in 1973, In 1973, the nuaber of potholes pi  charge site wan:
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T‘:\BLE 8-Compatison of numbaer and parcent of duck.visits on 82 potholss, by charge size and year for all blocks combined,
all seasom
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Uae, by apecies

Twelve species of ducks, seven dabblets and five dives,

were observed using potholes dusing obsesvations (Table ). |

Mulliods (Anas plarerivneitos), the nost comman species
in all seasons, contributed 99 (8.2 percent) of the 1,703
visits (Fig, 9). Gudwalls (Aras strepera) sccounted for 161
(9.8 percent ) visils, madnly g spring mfgrants. Bluewinged
teals (Aras discors), the second most insportaint breeding
species here, were aext, with 141 visits, or 8.3 percent of
the total, Diving-luck use wos dominated by lssser scaups
{Avthvg agfinig), with 100 visits, 01 b4 percem of she 1ota),

There was a mathed preference, by species, T the
Luger pothules, o those cicated by the 78. and 150b
chatge sizes (Tuble 90, For all species combined. there
appeared to be an increase in prefesenee with an inciease
i the size of charge (puthule size). Individually, mallards,
American wigeons (Anas americana), blueswinged teuls,
and norther shovelers (Anas spatula) seetved shore partial
to holes from 1504b chasges. Greenswinged teals (Anas

carslinensis)y frequented iioles resulting from 754 churges
mge tlun any other size, while gadwails snd lesser seaups
utilieed potholes created by 78 atd L5udb charges ahau,
oquatly, Sample sizces fur the remaliing species were
usufflcient (o lndicate preferences for pothules praduced
by any pactleular charge slee. The two groups of ducks,
dabblers ond  divess, exhibited simitns preferences for
ptholes of he four size categusies (Table ),

Seaaon of use

Obsers ons of duck use during spring, «wner, and
fall of the tast 3 yis led 1o the cordusion that most use of
e potholes occurtied in the spring (Table 10). Spring
observations, totaling 3209 bours for alf dlocks, yielded
1210 duckisits (S84% af 1otal), o an average of 54
duckovisits per hour. Swnmer and (ull counts were much
fower, averging only 004 and 015 visits per hour,

TABLE 8-—-Numbar of duck-visits, by species and parcentsge vecurring in esch AN=FO ct.arge tize, for B2 potholes, ail blocks

and yaars combined, 1968-1970, 1973, and 1975, all sesom

-

Percs

No, of of _Percent of iotal in each chorge size”

Speclios duck visits total 2 50 75 150
Mallard 991 58.2 5.2 15.2 2.4 44,2
Gadwall 161 9.% 5.6 14.3 37,3 42.8
American vigeon 39 2.3 0 15.4 12.8 7.4
Grean=-winged teal 32 1.9 15.6 0 51.1 31.2
Bluc-wirged teal 141 8.3 9.9 5.0 9.0 46.1
Unidentified teal 10 0.6 30.0 0 50.0 20.0
Northern shoveler 102 6.0 11.8 13.7 25.5 49.0
Pintall 2 0.1 0 0 50.0 50.06

Redhead 2 0.1 0 0 100.0 0
Canvasbuck 18 1.1 0 (1] 33.3 66.7
Lesser scaup 109 6.4 4.6 14.7 38.5 42.2
Ring-necked duck 9 0.5 0 11.4 11.1 37.8
Bufflehead 1 0.1 0 0 0 100.0
Unidentified diver 3 2.0 23.5 5.9 20.6 50.0
Unidontified duck -1 3.0 5.8 il.5 26,9 55.8
Total 1,703 100.0 5.2 13.2 33.0 45.5
All dabblers 1,478 a9.5 8.6 13.6 3. 46 .8
All divers 173 10.7 7.5 11,0 33.% 48.0

—— -

nUnndJuuted for differences in the number of potholes of cach charge size,
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TABLE 10-Seatonal duck use of 82 potholes, sl blocks
comblied, during the tint 3 yrs (1088.1970)

fio. ot houts Ho. of Huan mo, ut

Seavan uhaey ved duch visits duck visite/hr
Spring

(March=Jutiv) I 1,110 h.6%
Sulmur

{July-SepLenber) 1o.4 ] 004
nit

(Octot o1 -Novenber) 113.2 1n nl
Tnial 3. 1,230 2.9

1eapectively, Thus, 1t was deckled to climinate summer and
full obsesvations durlug the last 2 yrs of the study, and
further evaliestions of duck use in this sectior were resteicied
to data fram speing observations only,

The majur 1esponse 10 the potholes i the spring was
by ntlprant bids and byeeding poirs. Mullards, especially,
esublished and defended territurdes that included one or
mote pothotes (Fig, 7). The study aren olfered seclusion
and tersi®uzal space For pairs 0 the form of small wates
areas. Al Delta, Mantoba, Hoffinan (1970) slse foend that
the highest use of blusted ponds aecutred during the spring
and easly summer.

Use, by year and charge size

In order to muke the duck.use ubservations compurable
by vew and charge siqe. B was pecessary 1o compiiic use
in tenns of the number of duckevisits pes pothole per huu
ol ehservation. This svoided the prablem cited calier of
varying nutbets of hours of ebservation by yeae, as well as
varyine numbers of potholes by year and chusrge size. Ouls
spring ohservations und only  the 69 potholes «ill in
exdstence in 1975 wese used in making these comparisuns.
The specilic duta that 4 ply o this season and number ot
putholes are shuwn in Table 1),

s f.-.-
RTPTR N

fo e Yoot

Figure 9-The mallerd wes the mem gommn species of waterfow!
thet utilized the pethelss. (Phete by B, A. Hyder]
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TABLE 11-Number of hours of obwrvation and duck use
af 69 potholes still in axistence In 1976, by year, block,
and churge size {Spring only)
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Table 12 preseats the mean number of duck viits
pet pothole per houe of obsesvation tor each year, by block
and charge size, as calculated from e base duta in Table
Lt. The atean numwbet of duck visit: per pothuole per howr
vatied. by yea,, flom 0,12 in 1973 10 0.27 in 1970 for all
blocks and chasge sizes coiabined (Table 12). An analysis
of vartance was performed on the duck visits per puthole
per hour dnveiving thiee years, blicks, and charge sizes:
e differénce wimong years was significomt (P <% 0,008).
The studentized range method {Dixon and Massey 1969)
wis nsed 10 find what yvears weeo Jitferent “rom the others,
and revealed that in 1970 the potholes received significsntly
mure duck use than theyr did in cither 1973 or 1975, but
that no viher ditferences were detected amnmg years. An
uhvous cottdusivg aright be that the attrachiveness of the
pothole study area dechined after 1970 howewer, such a
conclusion must be viewed wiis ceulivn Diffuicius in
duck uswe among yeats simply imay have been a reflection
of annual fluctuations in numbers of duchs th the nicinity
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of 1he sty areq o1 of incopsstens 1iming of obhservations
with peak periods of duck activity from year to year. Thus,
whide 11 is Wikely that deteriorating hahitar comditions had
sne effect in reducing duch use of the potholes over the
penod of study, 8§ dfNcult to know e extent ol thi
relationstuip.

The miyor concean m this stindy was the o wison
oh thie lou sies of pothofes woegand e duek, use, Ths
fed 1o 0 test of the aull hypothesis that there way no
diference iy the psean nuriher of duck visits recened e
pothurde per onr of obseration among pothuoles produced
yocach o the T Jhatge wizes of ANED. Refereng
the data m Tabde 12 shows that the dotinant trend was an
mcrease 0 duck e with an ingease O charge vze ot
sutlace atea, tor all hlocks wsd ceats comtuned e cones-
ponding sull Yy pothess of no difterence m dick use by
charpe site was repeated 0 <0 001, thus prngdag
evilence that there was o ighly sionficant diflerene n
duch wse 0 potholes wmong the four charge sizes The
seedennzed range methed (Elvon and Massey 1969) Wi

vyt find ot where thes ifference ocemeng, ood
wacated that (8) pothote, from both ahe 75 amd 15040
e siree eceised senrficantly moe dich ase () an
those tpoan enther e 2% or Sdb sizes (2 15000 putisles
avenn ted boe sipticanth more use Dan 7890 potheies,
diad L3 0 spgnficant difterence was ndicated hetween 25.
aral Skl pathobes. The dubeeences i Juch use among
pothole vzes svere geneialy comsiyelt froan year te year
TEERTRV AR

TABLE 12-Number of duck.visits per pothale per hour of
obvetvation, by year, block, and charge size for 69 pothioles
{Spring onty)
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Oilter wihery have dlso tound 3 direct selatbonship
tstween the size af both nutural ambd aetificial ponds and
duch wse during thie sprng penod (Smith 1983, e 1956
Evans and Black 1956, Lobemuoen 1473, They seported
that althoygh most use occutred on lagger poads, the
sivafles. promds tegeived the greatest wse g avie ol sunface
ate fn the presont siudy, most of the uw wiss on the
arger patiroles and these pothuales sbwaitacted the greatest
use ner acte. Bowever, in the siuies wited shnve, the pomds
mvoned were generadly much lager mowee than thow
blasted as pant of this study. This saggests thar the tindings
miled above, indicating that 1.e smallest siean recuved the
heasiest e per acte, way apply enly to ponds abowe o
certam s,

Duck use in relat.on {0 pothole cost and size

Anaby s ol the duta T ghe Siar 3y s ol ohaervatnms
L1038 agpestesd that, ot e four  Dgrge sizes iested,
fhe T3 dharge of AN Ceated e st ctfioent
pothaies e terms o duch eae i selation $ pothake cong
dind e tllapper 8070 Hiny aze yilded the Bowest ntean
wat e ik st sewenn sl and also the baghest ean
g ot b kst pec 100 sy 18 o wirtace wiea. e
AR Charge was the nend miost etticient siee me thas
wepar Loamd toaas conchnbad that over o tosger peanad
fe C5 T ey s ) pothioles ot i HTNURYP A ] M)
Brave o donges wsetul Ttk o Mo~ posn the 7500 st
therehy sventoglly cquabling or ¢ wotedme the Witter i
duck ww efflaieney.

The updated anatysis coverimng aff € y1s of duchaw
abservations (7wt perid) did produce the chunge
eftiacncy betweent 75 and 1504 pothodes suggested sbwase
(Table 13). Far whatever weason. the 15005 potludes
recened considerahly e duck ine durmg the das 2 yas
ol vhersations (1973 und 197%) than the 7506 patholes
te account Tor this reversa) in officiency. The 1504b sise
produced a mean cost per din! sisit of $0.03 and a2 imeun
wlue of 5.5 duckviuts per 00 sq 0y of surface awes,
camparal 1o figares of $0.40 and 5.1, sespeciively. Im the
751 size, 1t should be noted that sll gures i Table 13
are comparattve tather than avtuel, Nnce they wopreson
duck use only during abservation perlods, Also, these dans
apply unly 10 the 69 potholes that still exizied at the end
of the study in J978

In the catticr analy sis 1. Iving only the fiest 3 ys of
vhwnation, the 254k churge was indicatud 1o be slighily
mewe clfgient than the SOUb size, in 1oy of duk use.
The updated analysis resulted in a change in this relation-
ship, just as 11 dick between the 75 and 1504h sizes (Table
13). Thus, the conclusion bused on the final analysis is
that the eMiciency of the clarge sizes in tesns of duck uwe,
both from the cont and surfaoearca standpoints, increased
with an inctease in charge size.

—— r ——

o A aan



TABLE 1J-Duck use in re'stion to pothole cost and site
for 08 potholer, 19881970, 1973 and 1975 (Epring oniy)
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Pothole Longevity and Duck Use in
Relation to Vegetation Changes

Winle the putholes miay enst physally T maany
voars, we it lood gt e basic purpose 100 creating them
o the fst place to deselop and mamt wn ndh-quality
watetfowd lubitar, Wath the matuatnon and onstantly
vhanging charactes o the potholes, uver nme, the pob ol
mantanuing wetlhind valie: becomes one 1 aiesting o
setting back ploot sicvessen (oo stage et 1~ most useful
o wateetewl (Siglevmn 1905, Sandervn, and Belleow
1aer 11 the pothotes low their atteactiveness to waterfowl
atier a peresd o e becauwe of low of depih, engroach.
mient of ¢netgents. or fog sunve mher reason  their useful-
ness s waterfowl babitay s ended or been sopomly
cuntadled and the mansger con coclude that they have
reached thee Iite espectaney. Thus, it is impurtant to
dintmguish between “physical™ bongevity anet **managemen
longenity . ohe Buter bemg ielated 10 the vogingd purpose
ul particiegr hahitstl deselopmenis,

The mapn factor mfluencing the physical longevity of
operewate, areas 15 the nataral progess known as “suc-
voaam” livdrarch succession™  starts i open woles
wheteser wegeration can becottie establ shed and progresses
m espomse to any emitommental Jhange that decreases
the water depth ot satugration and improves aeration in the
sonl o) the hsbitat (Dosting 1956). The teend 1, therelore,
oot an aguatic toward 3 tesestaial nabicat, with ploneering
vawular plants being submerged squatics. In the cawe of the
pothole study ares, nonnal succession was temporaily
distupted on speattic sites of this shallow marsh through
the creatum of small upe w-water arcasin 1967 . The tendency
was then for nosmal succession tu again stael in the earliet
stages and pradually piogress toward the “clomng-in™ of
the inarsh through 1he invason of the apen-water areas by
smergent vegetation (Fig. 10).

The wadth =1 dismwter of the pothules. regardless of
chage size, did nt change during the course of the study.
This was due o the charactesistic steep sides of the pothules
and the stabilization of the hunky thiough the patural
establshment of vep.'ation. The pothules did, huowevet,
become shallower uver the period of study from (968 to
1975, louing. 75 noted carher, an dverage of 10 . of depth
during the 7.yr period tor all potholes combined (Table 2).
There was no evidence of a differential loss, by charge size,
vt of 3 Jiflerence in mean depth of the potholes, by charge
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size, at the o ity of e stidy it 1978 1k o, wal
sundlan mean s, the putholes ot @l ton chage s
were dnvadea by cmergent vegetation on o pearkh’ o nd
basis ( Table §),

Buck use of the poihiales of eadh chaipe wes e e !
during the fast 2 ves ol chsetvations (1072 g8 10 <y
compated 1o that - corded dunny the s 3 ary o190
1970) {Table 12) Dby decrease ey have beoen fue 0
dechine m the attracinensss of the pothales v dad . g
it would simply base - cen caused by gy orcdue o ot
nwmber of ducks avalable 1o vse e area 1 7 4t
1978, Thete Iy evidence that the former ¢ aplanarnings Lt
wine influence in decresang duck nae ot the poh
these last X yrs, The number of potholey ge) at gt vace
decteased from 649 dudng 19K 1o only 3% tunpe
1973 and 1978 combuned, suggestizg that Jon sotoe reavw
a hagh propention of the potholes wese o sberl s the Batter
Yowis A Table 14 In Jowa, Provost (1908 nodud thip
cearmgs  blasted  with  dynaomate ageld und the baghs
asstied the chatacter uf the suncamdmg i shey o
thetl Jiteactaveniess to the mapet spectes o0 prdd
asng his study aiva.

TABLE 14-Duck usm of 69 potholes, sccordinig o charge
size during early and late yeers of the stuay {Smiing ciner
vatiows)
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The Jdata in vable 14 mdicate that the 25- and S01b
potiley were avobded 1o 2 anuch greater extent than put-
holes of the two laiger charge sizes. .-\lm the propurtiun
of to1al duckevisits. dectined ;e
sizes except the 1SO4h size
petird, This oy huve o .
attractiveness of potholes of 18K
mnnwmdlng shift ol‘mu to.thn3 pbiren ]
ibe 1504b pollmlcs
urins the ¢coune
‘ uu; wete mose

hmc chatge sires.

X
of the study, but, slmﬁy» ity
attractine than potholey’ q"’lﬁ‘ﬁl

A direct relstionship betm d:

size and amount
of su.Sace areu of water cres y beens thown-
an increase in surfuce area H*ffeﬁgﬁp&mdlns Increan:

n charge size (Table-1). aadirent rebittonship
exnted between duck um and chirge she--an Increas 1
duch we with an increase in chafge site ur sarfac: area
(Table 12). Surface arva and open-waleq area wese svhony.
mous duning the Nl 3 Yot sedy, by siucrgem
vegelat'un became esiablished fn the pothince 1aviuen
of 1 v puthules by emergents during the later years did oot
change the surface arcas {tutal water agas), but deddes 1ease
the size of the open.water areas. Thus, whule duck sse » 2
related to puthole size, the size of the open.water area ms
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Figurs 10-Succamrve invasion af the 150:h. pethole (A1502) by emepeni veqeiatron during the courw of the study 1988 lupper tef1), 1970
(upper tight}, 197 llower leftl, snd 1978 (lower eightl. At phatos tahien in Aprit 6F tespeciive yeary (Phoins by B M sHoppw|

have had a gicater influence i Jetemmung Juch use thay
did the wse of the overall surface area. The relationsh:
of dick use and openwatn gres and encroackment by
cirergent vegeiatiun tsexamined in the follow mg parsgrapt+.

The =umber of duck-visits per pothale was compates,
by charte sire, acconling 1o four categories of estumate )
perentages of surfuce areas of potholes gown up
emergents yTahle §5). A decrease in use was noted with .n
e ave in emergent coverage fur potholes of every chare:
wze, except for the SCb potholes undes the S1-74 pereent
cadegiry. Since open water was the purtion of the suifs ¢
ared ot grown Up to emergents, it can abw be stated that
duch use increased whth an inccase in the propuition « f
the puthole surface atens cotsisting wf open water. Tre
attractsenesy of the pothules, s indicated by 8 Jramar:
decline in duck use, was apparently greatly redused afver
more than 28 percent of their surface areas became covercd
with aunergenty, Duck we was practically non-existent afice
apen water was redvcd 10 Jess than 25 percen: ui b
oriyinal surface steas o1 the puthiles.

o A B A -

TABLE 15-Duck use in relation (0 the invasion of pot.
holes by smergent vegetation, Spring 1970

by g g == r friiam e L em er ot amaama

LA nobey f duch wisite per potnale

Charge Fercent o pothwole Jurface

s co TN LYOND Up Lo vawlgents

(1hs) =) k=S LHEF o1y To al
P 1.3} §. ) < 7.0 v, 1y
L% «. )1 oAt l.m) a,0n PN
143 10.20 3.2 21 o P

150 18,50 3 b n.20

Total 1.89% 1.% 1.1 0.1y 5. n
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+ABLE 16-Correlation analysis of duck use and emergent vegetation caversge tor 69 potholes in 1975

Mean peroent of

Chape vetho e autfae Mean nushet
s Susbhey stod kfown gt b hin b vialts
(R ut pothales emr Eent por potlnle r X t
SN 1 FL L] 0, wth by e
w0 M) ot il = eh o '
i% 16 AT P wit, r 4 o
[ in an,n’ A0 i T ' 11
Tot ot LIV ] iy .00 LA s i, .

A woeniclaten amalveos was made e duck we and
Praent emerent posergy to obbon o staishical measie
st the elanomshigp (ke o) Conelation corliients
OF tanped toom 0490 tor SOED pathindes to U773
Tl pothales, sotcemty lage i cach cawe et o
the rewection of the ol bypothesa of Bo conglaton
hetween the two vanables (P 0085 - <O This, dich
e and perent emetpent cosergge of the potholes were
wet andepetndent, i vaber were negstiveds courelated fin
potldes ok cadh dharge wee. Ths suppoity the earlie
woniciuston duat dack uwe decteawed ay thie pescent of pat.
hole strrface ared gromit op to eimeggents incieased.

The ° values i Lable Lo mdicate the amounl of the
vattabion it duch gse acconnted o by the percent emergent
vovergge 41 pecent o he vangtion sn the mnnber of
dicb ity recened by 280b potholes was assawtated wah
the percent conergee I emeegent vegetation. Thas, the
ettoachiient ot emergents appears (o be g nuor facthg
It duck uswe ol the potholes of cach chasge size, and
noappesed o hase grester unpact on use of e 752 and
1504 pethiules than it dad o potholes of the two smaller
charge wses Provosd LIS concladed that of dynamtied
posthiales i fuwa were to contimue to be of value te duchs,
thenr barrks mveisg stay Jugh anrd wey and thetr water areg
sl sentiin free of caicrgent vegetation, Stadies in South
Dabeta BY P and Black (1950) showd that. sonmally,
pertholes with exvcessively Jense vegetation were used very
brste, and that thow with spatse cover or no vepetation
were carly preferred by haceding pairs of Jucks.

Invosiin uf the potholés by emergent vegetation wus
eticsive i reducing the size of the opeawater ancas, and
thiv was the o Factor belleved 1o detenmine  the
quaniity ol Juwek use seceived by the potholes and. uit.
mately. thear “mooagement™ bongevity (Lig. 10). The size
of the vpeanwaster greas, as determiined by charge siee, was
duectlv retated ta the amount of duck use teceived during
the fist 3 ¥y of the study, pnor 1o establishment o)
cumergents v the potholes (Table 12), Thas relationship
also hield Srue atrer emetgens encroachment, as evidenced
hy 2 comparson of duch use in 1975 with size of upen-
water arcas, without eleence to charge siee (Table 17).
No tige occurted on the 13 potholes with only 0-50sq i of

- L e ekt o
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open-water arcs pallable, while sw propresser, incogsd
g the wze of the openwgter ses Mocanb Lo ow
corsiderably alier the sze o8 the openswater aieae of the
pethides ceached the SO1-600 sy 11 catepory 11 taithe,
noted that this Lanee juanp 9 e ogcmted moan penow '
calegony well abose the arignal sican sires of b iotibe 2%
amd SOdb potholes Thus, prefersroe fos the pe th foe Iy
ducha appeared Lo be sedared 1o the sise uf the openewate:
wie, swlirch, oo Later v eais oF the stidy was Sooneened iy
the amiint ol encroschment by emepend vegetatiom
Aceonding to Weller (J9T8), the sigd of Boea 1oy i
colbaiby wfluenced bard e, with welbiingperw ! s
Largen than 3012 i duaieiet prederes)

TABLE 17-Computison of duck use according to yse du-
gories of open-water areas, 1975

e urhe g
Surher 8 v whett
ot hot s et g thets

Upen~wiater
aren {1q e

[ e T L -

50 13 2.0

51=1730 i a3
103704} HY 1.0
01-400) I 3.8
A1=h00 H 9.7)
601-900 2 1a.4n
Total hu 3.7

LR R T

Fhe mean proporien uf e aale: 2000

gent invanon begween FOOR and 1975 was Gty oo et
fur pothales of ali four charge sizes (Labe 164 This atreaied
the attiativenesy of poibodes of the sevaller WL e
(25. and S0:Ib) mere than the larger sizes o cune they wete
more timited indtially m amount of open water Lven
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gk the PSOdh pogieles hygd st an average of Sd
rcsnt ol then open waten atea by 1975 lor exanapie,
they st mamtaned an oper-waier aea e i as
Latge (403 s Ny as that ongially found m the 2500
pothedes (202 s £1) 0 1968 Flus simply means thas, .n
the avwtage, the larper the diaige sive awd 10 pradu o
potfivle, 1he farges the e of the apenwales aiea i .
tained duteg the Toyr pened hetwecn 1908 and 1975
Foon they aandpomi, then, “mapagement”™ humesity i
e puthwles micressed wath an increase o dasge swze, with
the 18000b putlakes semanming me attactive (on 3 kge
pend of ttie than pothioles ot the vthet Jhaige sires.

TADLE 18-Loss of open-water ates (rom 1968 to 1875 &
a tmsull of invauon of potholes by smergent vagetation

harge Sunt. r Yean Cpentwaler ?” nt ui
#ire at wres lag tei opy watar
tlhv‘ roliniles LL) e wiva loat
2% (1] Sl nd YL
» AN A 149 Wt
LAY i Ang N {13 1.1
1 v 1 i g
102 ab ] . ML) “ild

The “managemient”™ longevaty . ur etfevtive tite, of the

2% aud Adb pothales was judped to he 3 mavmam of

68 ys under the condittons that existed on the Bonny
Resenoie sty area. The SO0 porhodes appeared 10
remain effective in atisacting ducks for o sumewhat longer
pedind than the 251b potholes, Only 2B percent of the
8.0 |mthu!¢5 and 35 jtu\'\mt of lhe 504b potholes wete

: BIRY. rentesenting
¢ 7). Alw. the

theat updn-*‘ilﬂ mﬁ* 50" hovn
(60 sq 1t] il p
serminanon W i i
*mns\ilie: aveas of thun e wits ummfi) llm umpmd
."¥ ;hlt’ hn Lasget openwaters (Table 17)
S S- and 1 5G:l petiodes remmined effective femeet
two smallef Shres i attrachng Juck o ‘th
must pum..ln of these sizes inarauang a “man, v
ione-viry uf aver 8 yes, Nearly ) percent of the b
roahules and 73 percent of the 150.% potholes wrre uwed

174 gtter about X vas ot ennstenice tlable 71 Wiale
rholes of those Two charee sizes fodd o fage proponm
o thenr open water durmyg the wonese o the sudy | they
il mamtamed openawatar areay Luge et 1o gihat
dgnifivant  yoaaats of Juch uw. Howoser, e 15040
pothales had the preates mean aieq ot apen water { Fable
15 ) ard recenved by tar the most dack use tn 1978 and n
all yemrs comnbined For these reasiny, the 130h potholes
wotkd prohatsly esceed ahe 78:4b pothules i “tansgemem”
longevity, but the study did not pragiess fong enongh 12
confiem thiv poguble dittesence. Frovest (F48) thaughy
dhaut 1O yes was the bt of eHevtive e doy upeimngs
blasted sith Jynamste un lowy,

Water Jepth appears to be an impagtant element detor-
menin? e Jopgesits o1 blusted nothules because of B
n¥enve m controtling the invasion of emerpunt vepelanon,
Nebwn (1954) sepontesd that water depth was ape of tw
tapnr factons teslricting development of marsh plante 9
Ogden Bay Retuge in Uitgh, but that hasdsten bubeuds and
“attun) van sprcad by aodetground thissmes miv waters up
to ) . deep. Linde of of, (19700 noted thay it Wissonun
cattath seesned 1o 1 vin when wates depihs seachied W,
Potholes i the prescist study averaged - nly 2K o deep
at abe end o1 the stady i 78 and enmeotshad be ane
well evtahinbed, indicating that sufficient pothioke 0o pth
wan nol maintained thinagl', _1 the study period 10 .
voutage it ivaseon,

The obrectve, then, besnes oie ol imambaming,
much open waltet av possible in baded opemngs, w0
erswont (HMN) telt thae depth was e hey 1o talfillue
this cinective However, it shauld be craphiasized that deptt
n determined by (1) sl types and {2 wates levels m the
mytat (Sucduneyer and Fredickaw 1907), Considering
thew paonts, Mathak (1965) tecomiuended e Yarpar
change srees in ANEOY hlaating becadse thes mmproved b
chances 101 inivased depth aned diaizter ol the pathobes,
shich be alw behiesed would ivcrease thelt Jongevity .

Cantail vontsol otlers some opportuity 10 ingrcas
the “uwelud fite™ ol arnficilly vicased potholes. \ibough
cattal i paisistent, spicads cpgresively, and Jas o prea
tepranbuctive potential, 1 does lave s weakiesses whi
can be awd tw advantage in conttol ol this eusergent spees
tlinde ef af 1970). Because of selatively small wirf)y
arcas of water invidwed, 4 oattal conteol program o
casly be uoplanented on putholes blasted with ANEo)
Several mechanical atd  chemical methods lave hon
developed  for teduwcing o eliminating cattad growh
{Martin er al. 1957 Nelwon and etz 1906, Linde 1 0



RECOMMENDATIONS

0 The abqedtines ol pothede Blnhing, Liom g manse
vrent Sbndp un? shondd be Josely evabiated betore wmdet-
takone suchoa pgearn on public ot pavate bands. The
vieate b value ob sl pothades seenes to be i provding
torgteetes B Brevdint dichs distidmning bieeding pains
e gt he mande, and i supply g feedimg ateas for
Lanhe durme the apronse Therr easteee <an tesalt m
i teasetd duck proombuction apdd aneralt gae on mansh siess
erevbenly e fitle ar po open water asalabile The
e toocdbor Tiethe potonnad fi hunnp, s they shoubd
pe he steweel g meihod Jor deselopme hanvest Bobigt
Cothos aleowme W e tollowmg bave pasdeiines
wT e e fhe pabalsiity ob vretittg pethiokes waho e
neats e possthle panageinent lonpeaty

g Soleat mgrshes with beaswr wnnerad solbs G
va b Joom) atnd wath sande swater osels at urwithon
potew i hee b the soab aurtaey Potlindes Blasied
oty cn et ety aee ol pogabis o scceptable
Booth Poaliobos wath gl saable - er lesels s
coonngee vromth o coner ot aeeeiation e

e et e ter g va

b aree Bates slwombd be at least 25 1t deep, wath o
Jepth or ghant 3t Bemg eterted N g wone
cori i tliad thie togs ot e Jhigree be at least | R
elomd the anld aittaee The dpanseter o the hode
it b gt Leree enouph to accomniodate the
hyr ot ANTO)

¢ Renone mont ar (e water Gomn the e holes 1o
prosent the gy of ANTO tram Hoghing el e
maute g solud el pack arowrd anue alwse the
chatpes Lotlimng plicetrent of thy (barpes. uw
vnly the Bosaer mtiesal sy ond senr ar pack s
unidortiby as peosedbe by hand s oo PRetonato w
should e di ety bollivs placerent and staachng
T prevent waber Pt dea boee the ANCHOY st
st ant amioinis

A O the tomir hbtge stzes of ANCSY o et thostindy
e TS aize 1 recnnmteneded for hest esalisan terens ot
Cost pet unit o) b ko duck tve e uoit o aadace ey,
and natagemient” Lopgesity
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APPENDIX A

Major Mants Found Adjacent to Pathuless

Bortanieal name

Agropvnon deserte-rum
Apoernnm meduon
Asclepias incarnaia
A speciow

Brynus tectonen
Carex spp.

Crvta doiglasil
Dastichlis spicata
Flymus caadvensis
Elrocharis macrostachva
Fequisetum hanannum
Heltianthns annnes
Juncus baltic,
Aowchia svoparia
Melititus ulba
PMapeatus angustifolia
Saxittaria latifolia
Scirpay actnhins

S, aniticunus
Sitaniem hystrx
Starrobodus divoides
Toping latifolia

A,

.

Common nane

Crested wheatgraw
Imenediate doghane
Swamp mifhwee t
Shuwy niikweed
Chednpras brame
Sedye

Dongh s wetedd L mlock
Infand saligras
Canada wiliiye
Commt spihetush
Ransas horsetal
Commor sunilow!
Haltic ninh

Helvedere summwer oy press
White sweetcloves
Narrowlegf cottunwoond
firoadieat areowhead
{Lardsiom bulrush
Common thyeesmiuare
Squmneltad

Sacatun

Broadical cattail

¢ O N AR o e | = o 1 T e e mra "

4 Namesaveonding to Hotehhass (1907, 197G and Mummer et al, (1977).




